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(57)Abstract 

In a method of adjusting the phase of a clock generator with respect to a data signal (50) an auxiliary signal (52) is generat- 
ed by comparing the data signal (50) and a clock signal (51). The auxUiary signal (52) exhibits a disuniform representation corre- 
sponding to various dau bit sequences. The data sequences are detected and combined with the auxiliary signal to generate a 
phase adjustment signal (54) with a uniform representation corresponding to the various dato bit sequences and havmg an aver- 
age value depending upon the phase difference between dock signal and data signal Further, a reference signal (55) may be gen- 
erated, representing the average value of the phase adjustment signal (54) which corresponds to ideal phase state, "nus reference 
signal (55) in combination with the phase adjustment signal (54) may be used for an even more precise adjustment of the phase of 
the clock generator with respect to the data signal 
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A method of adjusting the phase of a clock generator 
with respect to a data signal 



5 The invention concerns a method of adjusting the phase 
of a clock generator with respect to a data signal. More 
particularly, it concerns phase and frequency adjustment 
of a clock generator whose frequency is lower than that 
of the data signal. 

10 

To avoid exteamal synchronization in demultiplexing of a 
serial data signal it is desirable to regenerate a clock 
signal on the basis of the incoming data stream. In this 
connection it is necessary to be able to relate the fre- 
15 quency and phase of the regenerated clock with respect 
to the data signal. This poses some problems if the bit 
pattern in the data signal is very irregular. 

It is known from e.g. Engel Roza: "Analysis of Phase- 
20 locked Timing Extraction Circuits for Pulse Code Trans- 
mission", IEEE Transactions on Communications, COM-22, 
No. 9, p. 1236, September 1974 to regenerate a clock 
signal by means of analog processing of the incoming 
data signal. This analog processing consists of a non- 
25 linear signal processing with subsequent filtration. The 
method has the drawback that exact phase reference to 
data is lost. Further, the dimensioning of such an ana- 
log circuit is very complex, so this solution is also 
vitiated by lack of flexibility. 

30 

Further, in demultiplexing of a data signal, with a view 
to obtaining an operation frequency as high as possible 
for the demultiplexer, attention is paid to the imple- 
mentation of the clock controlled elements since it is. 



35 



wo 89/12936 



PCr/DK89/001S7 



- 2 - 



usually these which limit the rate. It is therefore pre- 
ferred that clock controlled elements operate at a lower 
clock frequency than the data stream. This may be 
realized with a circuit known per se as shown in fig. 1, 

5 where the first memory elements in the demultiplexer are 
clocked with a differential clock signal whose frequency 
is half as great as the frequency of the data signal. 
The two first memory elements are triggered by the posi- 
tive clock phase and the negative clock phase, respec- 

10 tively, so that two successive data bits are clocked 

into their respective memory elements. Since the conver- 
sion rate of the demultiplexer is in principle limited 
by the working rate of the memory elements, this confi- 
guration in reality doubles the maximally obtainable 

15 rate with respect to the conventional method where the 
full clock frequency is regenerated. This parallel de- 
multiplexing may moreover be extended to comprise e.g- 
four input memory elements which are triggered by clock 
signals with a frequency which is one fourth of the data 

20 frequency, the respective clock signals being mutually 
phase shifted 90*. 

It is known from EP 0 027 289 to perform phase compari- 
son between a data signal and a clock signal whose f re- 

25 quenoy is half as great as the frequency of the data 

signal. However, this known circuit is inexpedient since 
differentiation and rectification of the data signal are 
performed prior to the phase comparison, which involves 
uncertainty in the phase between the regenerated clock 

30 and the data signal. Moreover, the circuit comprises 
delay elements which are to delay the signal corres- 
ponding to a phase rotation of 90*, which either re- 
quires using a clock signal whose frequency is twice as 
great as the frequency of the data signal, or using a 
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passive delay. The drawbacks of a clock signal having a 
high frequency are mentioned before, and the use of a 
passive delay entails that the circuit will be data fre- 
quency dependent. 

The object of the invention is to provide a digital 
method in the adjustment of the phase difference of a 
regenerated clock frequence with respect to a data sig- 
nal. It is desirable to provide a method entailing that 
the phase difference between the clock signal and the 
data stream is related directly to the data stream, and 
where the frequency of the regenerated clock signal is 
preferably half the frequency of the data signal. 

This object is achieved, as stated in claim 1, by gene- 
rating an auxiliary signal in the comparison of data 
signal and clock signal, said auxiliary signal exhibit- 
ing a disuniform representation corresponding to various 
data bit sequences; and detecting said various data bit 
sequences and combining them with the auxiliary signal 
to provide a phase adjustment signal with a uniform 
representation corresponding to the various data bit 
sequences. This provides a digital phase adjustment 
signal whose average value is an expression of the phase 
difference between the data signal and the clock signal, 
so that it may be used directly for adjustment of a 
voltage controlled oscillator. 

When the reference signal mentioned in claim 2 is com- 
bined with the phase adjustment signal, an improved 
phase adjustment signal will be obtained, which is di- 
rectly proportional to the phase deviation from ideal 
phase, irrespective of the frequency of shifts between 
data bit sequences. 
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Claims 3 and 4 define specified embodiments of the 
method described in claims 1 and 2. 

Claim 5 defines an expedient generation of the reference 
signal when the clock frequency is half the data bit 
frequency. 

Claim 6 correspondingly defines a general method of pro- 
ducing the reference signal when the frequency of the 
data signal is a multiple of twice the frequency of the 
clock signal, said reference signal being generated by 
combining a first signal proportional to the phase 
information in the phase .adjustment signal and a second 
15 signal which is composed of contributions from the data 
bits arriving while the clock signal has a constant 
logic level. 

Claim 7 defines an additional use of the reference sig- 
nal in a circiut where the frequency of the clock 
generator is controlled by means of the phase adjustment 
signal in a phase locked loop. This further feature 
entails that the method provides a very stable adjust- 
ment of the regenerated clock. 



20 



25 



30 



Some preferred embodiments of the invention will be ex- 
plained in more detail below with reference to the 
drawing, in which 

fig. 1 shows the principle of a demultiplexer which ope- 
rates when a maximum clock frequency half as great as 
the frequency of the data signal is used, 

fig. 2A shows the auxiliary signal when the phase diffe- 
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rence between data and clock is ideal, 

fig. 2B shows the auxiliary signal when the phase diffe- 
rence between data and clock is critical, 

5 

fig. 3 shows a timing diagram for generating auxiliary 
signal, detection of data bit sequences and generation 
of phase adjustment signal and reference signal, 

10 fig. 4 shows a preferred embodiment of the logic circuit 
for realization cf-i:he invention when the clock fre- 
quency is half the frequency of the data signal, 

fig. 5 shows a timing diagram of an embodiment of the 
15 invention where the clock frequency is one fourth of the 
frequency of the data signal, 

fig. 6 shows a circuit of the invention for using a 
clock frequency which is one fourth of the frequency of 
20 the data signal, and 

fig. 7 shows a general circuit according to the 
• invention. 

25 Fig. 1 shows a parallel demultiplexer of a type known 
per se where the invention can be used to advantage. A 
data signal with the frequency F is received on the 
input 10, and it clocked into two memory elements 12 and 
13, which are triggered by the positive or the negative 

30 clock phase 14 or 15, respectively, of a differential 
clock signal whose frequency is F/2. This entails that 
two successive data bits are clocked into a respective 
memory element. The subsequent network of memory ele- 
ments 16, which is triggered by the positive or the 

35 
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10 



15 



20 



25 



30 



negative clock flank 14 or 15, respectively, or by one 
of the phases 21-24 in a clock signal with the frequency 
F/4 where the individual phases are mutually shifted 
90 provides for simultaneous accessibility of a plu- 
rality of bits QO, Ql, Q2, Q3 on the outputs 17, 18, 19 
and 20 where they are accessible in four data bit 
periods. The invention is concentrated on the phase 
detector 25 of the circuit, where the phase between the 
data signal and the differential clock signal is de- 
tected, as explained more fully below. The output 
signals 54 and 55 from this circuit are used via a 
differential amplifier 5 for adjusting a voltage 
controlled oscillator 28, which generates the 
differential clock signal 14 and 15. The differential 
amplifier 5 comprises low pass filters on both inputs, 
thereby averaging the signals. 

Fig. 2A shows a timing diagram where the frequency of 
the clock signal is half the frequency of the data sig- 
nal, and where the phase between the data signals 30 and 
the differential clock signal 31 is ideal, i.e. shifts 
in the clock signal timewise take place halfway between 
shifts in the data signal. An auxiliary signal 32 is 
produced via an EXOR function between data signal and 
clock. It will be seen in the uniform bit pattern in the 
data signal that the average value of the auxiliary 
signal is 1/2, also after the time 33 where the data bit 
sequence shifts. 

Fig. 2B Shows how the auxiliary signal is affected when 
the phase difference is not ideal. When the first data 
bit sequency is present, the average value of the auxi- 
liary signal 42 will be greater than in an ideal phase 
difference, while the average value of the other data 
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bit sequency will be smaller. 

In periods with the same data bit sequency the auxiliary 
signal 42 is thus an expression of the phase difference, 
5 but the representation is mutually inverted in the two 
data bit sequences. The data bit sequences are therefore 
detected, which in combination with the auxiliary signal 
may be used for generating an unambiguous phase adjust- 
ment signal. 

10 

Fig. 3 shows a timing diagram of the invention where the 
shifts between data bit sequences are closer, and where 
the phase difference is ideal. The signal sequence 53 
indicates which data bit sequence is received at a given 

15 time. One data bit sequence is characterized in that 

data bits are low at an outwardly extending clock flank 
and high at a downwardly extending clock flank, while 
the other data bit sequence is characterized in that 
data bits are high at an outwardly extending clock flank 

20 and low at a downwardly extending clock flank. The phase 
adjustment signal 54 is produced by inverting the auxi- 
liary signal 52 when the first data bit sequence is 
present, while it is not inverted when the second data 
bit sequence is present. The average value of the phase 

25 adjustment signal 54 is proportional to the phase diffe- 
rence between the data signal 50 and the clock signal 
51, but, as will be seen, it is also proportional to (1- 
H), where H is the frequency of shifts between data bit 
sequences • 

30 

Consequently, a reference signal 55 is produced, whose 
average value is proportional to the average value of 
the phase adjustment signal 54 in case of an ideal 
phase. When this reference signal 55 is combined with a 
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10 



15 



20 



25 



30 



phase adjustment signal 54, the result will be a 
differential signal which is an unambiguous expression 
of the phase shift from ideal phase. The actual 
reference signal 55 is produced on the recognition that 
a shift in data bit sequence may be recognized in that 
two successive data bits have the same logic level, and 
that shifts in data bit sequence will cause lacking 
information in the phase adjustment signal 54. The 
reference signal is therefore produced in that the 
signal assumes a logic level for a predetermined period 
which is smaller than or equal to the duration of a data 
bit when two successive data bits have the same logic 
level, and assumes another logic level for the rest of 
the time. The average value of the reference signal will 
thus be proportional to (1-H) where H is the frequency 
of shifts between data bit sequence. 

Fig. 4 shows a preferred embodiment of the invention. 
The auxiliary signal 52 is generated by means of an EXOR 
gate 60 by an EXOR function between data signal 50 and 
clock signal 51. The data bit sequences are detected 
with the AND gates 61 and 62 combined with a NOR gate 
63. AND gate 62 detects when the negative clock phase 15 
triggers a low data bit into the memory element 12, and 
AND gate 61 detects when the positive clock phase 14 
triggers a high data bit into the memory element 13. 
These two states entail that the second data bit 
sequence is present, so a NOR function (performed in the 
NOR gate 63) will produce a signal which is high when 
the first data bit sequence is present, and low when the 
second data bit sequence is present (a signal corres- 
ponding to the sequence 53 in fig. 3). The phase adjust- 
ment signal 54 is produced by an EXOR function 
(performed in the EXOR gate 64) between the sequence 
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signal 53 from the gate 63 and the aiixiliary signal 52 
from the gate 60. The reference signal 55 is produced by 
an EXOR fxinction (performed in the EXOR gate 65) between 
output signals from the memory elements 26 and 27, U26 

5 and U27, said output signals representing two successive 
data bits. Thus, the reference signal will be high when 
successive data bits differ, corresponding to two data 
bits belonging to the same data bit sequence. In case of 
shifts in data bit sequence two successive data bits 

10 will be uniform, which gives a low level on the refe- 
rence signal 55 for half a clock period at the frequency 
F/2. The reference signal 55 is normalized by means of a 
voltage divider 4 so that the amplitude fits with the 
phase adjustment signal 54 before these signals, via the 

15 differential amplifier 5, are used for controlling a 

two-phased voltage controlled oscillator. If the ampli- 
tude of the output voltage for the logic gates is uni- 
form, the signal 87 is to be divided by two in the vol- 
tage divider 4. 

20 

Fig. 5 shows a timing diagram which illustrates an em- 
bodiment of the invention for implementation in a 
circuit where it is desired to phase adjust a clock 
signal whose frequency is one fourth of the frectuency of 

25 the data signal. Like before, the auxiliary signal is 
generated by an EXOR function between a phase of the 
clock signal with a frequency F/4 and the incoming data 
signal with a frequency F. The data bit sequences are 
detected according to the same criteria as before, i.e. 

30 in response to the logic level on the data bit repre- 
sented on the input when a shift takes place in the 
clock signal. Since the clock frequency is F/4, it is 
only every other data bit 87, called detection bit 
hereinafter, which contributes with phase information. 
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and which decides which data bit sequences are detected. 
The sequence 83 is combined with the auxiliary signal 
82, like before, in that the auxiliary signal is 
inverted in response to the actual data bit sequence. 

5 This provides a phase adjustment signal 84 which, in 
addition to unambiguous phase information 90, also 
contains irrelevant information 91 originating from the 
data bits which are not used for detecting the data bit 
sequence. In the period of irrelevant information 91 the 

10 phase adjustment signal assumes a logic high value when 
the data bit following a detection bit 87 has a logic 
level different from the logic level of the detection 
bit in question. Correspondingly, the phase adjustment 
signal assumes a logic low value when the data bit 

15 following a detection bit 87 has a logic level 

corresponding to the logic level of the detection bit in 
question. The duration of the irrelevant information is 
equal to the duration of a data bit. 

20 Similar to the description of fig. 3, a reference signal 
is generated whose average value is proportional to the 
average value of the phase adjustment signal in case of 
ideal phase. This reference signal consists of the sum 
of two contributions. The first contribution 85 is 

25 proportional to (1-H) where H is the frequency of shifts 
between data bit sequences. The average value of the 
second contribution 86 is proportional to the average 
value of the irrelevant information 91, which is also 
contained in the phase adjustment signtl 84. This 

30 entails that the average value of the reference signal 
is proportional to the average value of the phase 
adjustment signal in case of ideal phase difference, 
indendent upon data bit sequence and value of non- 
detection bits. 
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Fig. 6 shows a preferred embodiment of a circuit for 
phase adjusting a clock signal whose frequency is one 
fourth of the frequency of a data signal. The generation 

5 of the auxiliary signal 82, the sequence signal 83 and 
the phase adjustment signal 84 is effected with a cir- 
cuit corresponding to the one shown in fig. 4, and these 
signals therefore correspond to the signals 52, 53 and 
54 in fig. 4. The input signals for this part of the 

10 circuit are the incoming data signal DATA, two phases of 
the four-phased clock signal, viz. CLK and the NCLK 
shifted 180*, the output signal DBP from the memory ele- 
ment wherfe the positive clock signal CLK clocks a detec- 
tion bit, and finally the output signal DBN from the 

15 memory element where the negative clock signal NCLK 
clocks a detection bit. 

The reference signal 87 is generated by using the sig- 
nals DBP and DBN as well as four parallel output signals 

20 DBPU, DBPU+1, DBNU and DBNU+1 from the demultiplexer, 
said output signals being accessible at the same time 
and accessible for a whole clock period. DBP and DBN are 
also separately accessible for a whole clock period, but 
are mutually time shifted half a clock period. The EXOR 

25 function in gate 100 between these two signals results 

in a signal 85* which is proportional to the ideal phase 
information 85, since the signal 85' is high when two 
successive detection bits DBP and DBN are different. The 
EXOR function in the gate 101 between DBPU and DBPU+1 

30 results in a signal 86P' which is proportional to the 

irrelevant information occurring when the data bit imme- 
diately after a detection bit clocked by the positive 
clock signal CLK has another logic level than the asso- 
ciated detection bit. Likewise, the EXOR function in the 
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gate 102 between DBNU and DBNU+1 resxilts in a signal 
86N' which is proportional to the irrelevant information 
occurring when the data bit immediately after a detec- 
tion bit clocked by the negative clock signal NCLK has 

5 another logic level than the associated detection bit. 
Thus, a sum function in the sum network 105 provides a 
reference signal 87 which is proportional to the phase 
adjustment signal 84 in case of ideal phase. The signal 
87 is normalized in the following voltage divider 4 so 

10 that the amplitude fits with the phase adjustment signal 
84 before these signals, via the differential amplifier 
5, is used for controlling a four-phased voltage con- 
tioLled oscillator. If the amplitude of output voltage 
for the logic gates is uniform, the signal 87 is to be 

15 divided by four in the voltage divider 4, 

Fig. 7 shows a general embodiment of the invention for 
use in a parallel demultiplexer, where the frequency of 
the incoming data signal is a multiple of twice the fre- 
20 quency of the clock signal, i.e. 

clock frequency -data frequency/N, 
where N = 2, 4, 6, 8... 

25 The phase adjustment signal 144 is produced with a cir- 
cuit corresponding to the one used for producing the 
phase adjustment signal 84 in fig. 6, and the input sig- 
nals are defined in the same manner. 



30 



Like in gate 100 in fig. 6, a signal is produced by the 
EXOR function in the gate 110 by means of two successive 
detection bits, DBP and DSN, said signal being propor- 
tional to the phase information in the phase adjustment 
signal in case of ideal phas^. The other EXOR gates 120, 
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121,..122, 130, 131... and 132 generate signals which, 
by summation in the sum network 140, result in a signal 
which is proportional to the irrelevant information. The 
individual signals are generated by means of the output 

5 signals of the demultiplexer, it being assxamed that N- 
signals are accessible at the same time in a clock 
period. The first output signal DBPU: detection bit 
clocked by the positive clock signal is thus followed by 
(N/2-1) non-detection bit, DBPU+1, DBPU+2... and 

10 DDBPU+(N/2-l), where DBPU is compared with the respec- 
tive non-detection bits in the EXOR gates 120, 121... 
and 122, thereby generating for each non-detection bit 
whose logic level differs from the logic level of the 
associated detection bit DBPU a signal which corresponds 

15 to the possible irrelevant information which the non- 
detection bit in question has caused. Correspondingly, 
signals are generated in the EXOR gates 130, 131... and 
132 in proportion to the irrelevant information gene- 
rated by the non-detection bits DBNU+1, DBNU+2... and 

20 DBNU+(N/2-l), and these output signals are compared with 
the associated detection bit DBNU. The summed reference 
signal 141 from the sum network 140 is thus proportional 
to the phase adjustment signal 144 in case of ideal 
phase difference, and the reference signal 141 is nor- 

25 malized in the voltage divider 4 with respect to the 
phase adjustment signal 144. If the amplitude of the 
output voltages for the logic gates is uniform, the 
reference signal 141 is to be divided by N in the vol- 
tage divider 4. The normalized reference signal from the 

30 voltage divider is combined with the phase adjustment 
signal in the differential amplifier 5 and is used for 
controlling an N-phased voltage controlled oscillator 
145. 
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Patent Claims: 



1. A method of adjusting the phase of a clock generator 
with respect to a data signal by means of a phase locked 
loop, characterized by 

generating an auxiliary signal by comparing data signal 
and clock signal, said auxiliary signal exhibiting a 
disuniform representation corresponding to various data 
bit sequences, a first data bit sequence being 
characterized in that data bits are low at an outwardly 
extending clock flank and high at a downwardly extending 
clock flank, while another data bit sequence is 
characterized in that data bits are high at an upwardly 
extending clock flank and low at a downwardly extending 
clock flank, 

and detecting said various data bit sequences and com- 
bining them with the auxiliary signal to generate a 
phase adjustment signal with a uniform representation 
corresponding to the various data bit sequences and 
having an average value depending upon the phase diffe- 
rence between clock signal and data signal. 



2. A method according to claim 1, character- 
ized by combining the phase adjustment signal with a 
reference signal which represents the average value of 
the phase adjustment signal corresponding to ideal phase 

30 state. 

3. A method according to claim lor2, charac- 
terized by generating the auxiliary signal by an 
exclusive-or-operation between the data signal and the 

35 
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clock signal. 

4. A method according to claims 1-3, charac- 
terized by generating the adjustment signal by 
inverting the auxiliary signal when the first data bit 
sequence is present, while it is not inverted when the 
second data bit sequence is present. 

5. A method according to claims 2-4, where the clock 
frequency is half the data bit frequency, charac- 
terized by generating the reference signal so 
that the signal assumes one logic level in a predeter- 
mined period which is smaller than or equal to the du- 
ration of one data bit when two successive data bits 
have a uniform logic level, and assumes another logic 
level for the rest of the time. 

6. A method according to claims 2-4, where the fre- 
quency of the data signal is a multiple of two (N) times 
the frequency of the clock signal, where data bits 
arriving while the clock signal changes logic level are 
called detection bit below, and where N/2-1 data bits 

. arriving between two successive detection bits are here- 
inafter called a packet of non-detection bits associated 
with the immediately preceding detection bit, cha- 
racterized by generating the reference signal 
by combining the following signals: 

a first signal which assumes a first logic level in 
a predetermined period which is smaller than or 
equal to the duration of half a clock period when 
the two last-incoming detection bits have a diffe- 
rent logic level, and which ass\imes a second logic 
level for the rest of the time, and 
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a second signal which^ for a predetermined period 
smaller than or equal to a whole clock period, 
assumes a value proportional to a plurality of non- 
detection bits in the predetermined period, said 
non-detection bits having a logic level different 
from the logic level of the detection bit asso- 
ciated with the packet. 

7. A method according to claims 2-5, where the clock 
frequency is half the data bit frequency, and where the 
frequency of the clock generator is controlled by means 
of the adjustment signal in a phase- locked loop, cha- 
racterized by using the reference signal for 
adjusting the loop gain in the phase-locked loop. 
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A method of adjusting the phase of a clock generator 
with respect to a data signal 



The invention concerns a method of adjusting the phase 
of a clock generator with respect to a data signal. More 
particularly, it concerns phase and frequency adjustment 
of a clock generator whose frequency is lower than that 
of the data signal. 

To avoid external synchronization in demultiplexing of a 
serial data signal it is desirable to regenerate a clock 
signal on the basis of the incoming data stream. In this 
connection it is necessary to be able to relate the fre- 
quency and phase of the regenerated clock with respect 
to the data signal. This poses some problems if the bit 
pattern in the data signal is very irregular. 

It is known from e.g. Engel Roza: "Analysis of Phase- 
locked Timing Extraction Circuits for Pulse Code Trans- 
mission", IEEE Transactions on Communications, COM-22, 
No. 9, p. 1236, September 1974 to regenerate a clock 
signal by means of analog processing of the incoming 
data signal. This analog processing consists of a non- 
linear signal processing with subsequent filtration. The 
method has the drawback that exact phase reference to 
data is lost. Further, the dimensioning of such an ana- 
log circuit is very complex, so this solution is also 
vitiated by lack of flexibility. 

Further, in demultiplexing of a data signal, with a view 
to obtaining an operation frequency as high as possible 
for the demultiplexer, attention is paid to the imple- 
mentation of the clock controlled elements since it is 
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usually -these which limit the rate. It is therefore pre- 
ferred that clock controlled elements operate at a lower 
clock frequency than the data stream. This may be 
realized with a circuit known per se as shown in fig. 1, 

5 where the first memory elements in the demultiplexer are 
clocked with a differential clock signal whose frequency 
is half as great as the frequency of the data signal. 
The two first memory elements are triggered by the posi- 
tive clock phase and the negative clock phase, respec- 

10 tively, so that two successive data bits are clocked 

into their respective memory elements. Since the conver- 
sion rate of the demultiplexer is in principle limited 
by the' working rate of the memory elements, this confi- 
guration in reality doubles the maximally obtainable 

15 rate with respect to the conventional method where the 
full clock frequency is regenerated. This parallel de- 
multipliexing may moreover be extended to comprise e.g. 
four input memory elements which are triggered by clock 
signals with a frequency which is one foxirth of the data 

20 frequency, the respective clock signals being mutually 
phase shifted 90**. 

It is known from EP 0 027 289 to perform phase compari- . 
son between a data signal and a. clock signal whose fre- 

25 quency is half as great as the frequency of the data 

signal. However, this known circuit is inexpedient since 
differentiation and rectification of the data signal are 
performed prior to the phase comparison, which involves 
iincertainty in the phase between the regenerated clock 

30 and the data signal. Moreover, the circuit comprises 
delay elements which are to delay the signal corres- 
ponding to a phase rotation of 90**, which either re- 
quires using a clock signal whose frequency is twice as 
great as the frequency of the data signal, or using a 
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passive delay. The drawbacks of a clock signal having a 
high frequency are mentioned before, and the use of a 
passive delay entails that the circuit will be data fre- 
quency dependent. 

5 

The object of the invention is to provide a digital 
method in the adjustment of the phase difference of a 
regenerated clock frequence with respect to a data sig- 
nal. It is desirable to provide a method entailing that 
iO the phase difference between the clock signal and the 

data stream is related directly to the data stream, and 
where the frequency of the regenerated clock signal is 
preferedDly half the frequency of the data signal. 

15 This object is achieved, as stated in claim 1, by gene- 
rating an auxiliary signal in the comparison of data 
signal and clock signal, said auxiliary signal exhibit- 
ing a disuniform representation corresponding to various 
data bit sequences; and detecting said various data bit 

20 sequences and combining them with the auxiliary signal 
to provide a phase adjustment signal with a uniform 
representation corresponding to the various data bit 
sequences. This provides a digital phase adjustment 
signal whose average value is an expression of the phase 

25 difference between the data signal and the clock signal, 
so that it may be used directly for adjustment of a 
voltage controlled oscillator. 

When the reference signal mentioned in claim 2 is com- 
30 bined with the phase adjustment signal, an improved 

phase adjustment signal will be obtained, which is di- 
rectly proportional to the phase deviation from ideal 
phase, irrespective of the frequency of shifts between 
data bit sequences. 
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Claims 3 and 4 define specified embodiments of the 
method described In claims 1 and 2. 

5 Claim 5 defines an expedient generation of the reference 
signal when the clock frequency Is half the data bit 
frequency. 

Claim 6 correspondingly defines a general method of pro^ 
ta duclng the reference signal when the frequency of the 

data signal Is a multiple of twice the frequency of the 
clock signal, said reference signal being generated by 
combining a first signal proportional to the phase 
Information In the phase adjustment signal and a second 
15 signal which Is composed of contributions from the data 
bits arriving while the clock signal has a constant 
logic level. 

Claim 7 defines an additional use of the reference slg^ 
20 nal In a clrclut where the frequency of the clock 

generator Is controlled by means of the phase adjustment 
signal In a phase locked loop. This further feature 
entails that the method provides a very stable adjust-, 
ment of the regenerated clock. 

25 

Some preferred embodiments of the Invention will be ex- 
plained In more detadLl below with reference to the 
drawing. In which 

30 fig. 1 shows the principle of a demultiplexer which ope- 
rates when a maximum clock frequency half as great as 
the frequency of the data signal Is used, 

fig. 2A shows the auxiliary signal when the phase dlffe- 
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rence between data and clock is ideal, 

fig. 2B shows the auxiliary signal when the phase diffe- 
rence between data and clock is critical, 

5 

fig. 3 shows a timing diagram for generating auxiliary 
signal, detection of data bit sequences and generation 
of phase adjustment signal and reference signal, 

10 fig. 4 shows a preferred embodiment of the logic circuit 
for realization cf-i:he invention when the clock fre- 
quency is half the frequency of the data signal, 

fig. 5 shows a timing diagram of an embodiment of the 
15 invention where the clock frequency is one fourth of the 
frequency of the data signal, 

fig. 6 shows a circuit of the invention for using a 
clock frequency which is one fourth of the frequency of 
20 the data signal, and 

fig. 7 shows a general circuit according to the 
invention. 

Fig. 1 shows a parallel demultiplexer of a type known 
per se where the invention can be used to advantage. A 
data signal with the frequency F is received on the 
input 10, and it clocked into two memory elements 12 and 
13, which are triggered by the positive or the negative 
clock phase 14 or 15, respectively, of a differential 
clock signal whose frequency is F/2. This entails that 
two successive data bits are clocked into a respective 
memory element. The siibsequent network of memory ele- 
ments 16, which is triggered by the positive or the 
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negative clock flank 14 or 15, respectively, or by one 
of the phases 21-24 in a clock signal with the frequency 
F/4 where the individual phases are mutually shifted 
90* r provides for simultaneous accessibility of a plu- 

5 rality of bits QO, Ql, Q2, Q3 on the outputs 17, 18, 19 
and 20 where they are accessible in four data bit 
periods. The invention is concentrated on the phase 
detector 25 of the circuit, where the phase between the 
data signal and the differential clock signal is de- 

10 tected, as explained more fully below. The output 
signals 54 and 55 from this circuit are used via a 
differential amplifier 5 for adjusting a voltage 
controlled oscillator 28, which generates the 
differential clock signal 14 and 15. The differential 

15 amplifier 5 comprises low pass filters on both inputs, 
thereby averaging the signals. 

Fig. 2A shows a timing diagram where the frequency of 
the clock signal is half the frequency of the data sig- 

20 nal, and where the phase between the data signals 30 and 
the differential clock signal 31 is ideal, i.e. shifts 
in the clock signal timewise take place halfway between 
shifts in the data signal. An auxiliary signal 32 is 
produced via an EXOR fxinction between data signal and 

25 clock. It will be seen in the uniform bit pattern in the 
data signal that the average value of the auxiliary 
signal is 1/2, also after the time 33 where the data bit 
sequency shifts. 

30 Fig. 2B shows how the auxiliary signal is affected when 
the phase difference is not ideal. When the first data 
bit sequency is present, the average value of the auxi- 
liary signal 42 will be greater than in an ideal phase 
difference, while the average value of thei other data 
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bit seguency will be smaller. 

In periods with the same data bit sequency the auxiliary 
signal 42 is thus an expression of the phase difference, 
5 but the representation is mutually inverted in the two 
data bit sequences. The data bit sequences are therefore 
detected, which in combination with the auxiliary signal 
may be used for generating an unambiguous phase adjust- 
ment signal. 

10 

Fig. 3 shows a timing diagram of the invention where the 
shifts between data bit sequences are closer, and where 
the phase difference is ideal. The signal sequence 53 
indicates which data bit sequence is received at a given 

15 time. One data bit sequence is characterized in that 

data bits are low at an outwardly extending clock flank 
and high at a downwardly extending clock flank, while 
the other data bit sequence is characterized in that 
data bits are high at an outwardly extending clock flank 

20 and low at a downwardly extending clock flank. The phase 
adjustment signal 54 is produced by inverting the auxi- 
liary signal 52 when the first data bit sequence is 
present, while it is not inverted when the second data 
bit sequence is present. The average value of the phase 

25 adjustment signal 54 is proportional to the phase diffe- 
rence between the data signal 50 and the clock signal 
51, but, as will be seen, it is also proportional to (1- 
H), where H is the frequency of shifts between data bit 
sequences • 

30 

Consequently, a reference signal 55 is produced, whose 
average value is proportional to the average value of 
the phase adjustment signal 54 in case of an ideal 
phase. When this reference signal 55 is combined with a 
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phase adjustment signal 54, the result will be a 
differential signal which Is an unambiguous eicpresslon 
of the phase shift from Ideal phase. The actual 
reference signal 55 Is produced on the recognition that 

5 a shift In data bit sequence may be recognized dLn that 
two successive data bits have the same logic level, and 
that shifts in data bit sequence will cause lacking 
information in the phase adjustment signal 54. The 
reference signal is therefore produced in that the 

10 signal assumes a logic level for a predetermined period 
which is smaller than or equal to the diiration of a data 
bit when two successive data bits have the same logic 
level, and assumes another logic level for the rest of 
the time. The average value of the reference signal will 

15 thus be proportional to (1-H) where H is the frequency 
of shifts between data bit sequence. 

Fig. 4 shows a preferred embodiment of the invention. 
The auxiliary signal 52 is generated by means of an EXOR 

20 gate 60 by an EXOR function between data signal 50 and 
clock signal 51. The data bit sequences are detected 
with the AND gates 61 and 62 combined with a NOR gate 
63. AND gate 62 detects when the negative clock phase 15 
triggers a low data bit into the memory element 12, and 

25 AND gate 61 detects when the positive clock phase 14 
triggers a high data bit into the memory element 13. 
These two states entail that the second data bit 
sequence is present, so a NOR fiinctlon (performed in the 
NOR gate 63) will produce a signal whicn is high when 

30 the first data bit sequence is present, and low when the 
second data bit sequence is present (a signal corres* 
ponding to the sequence 53 in fig. 3). The phase adjust- 
ment signal 54 is produced by an EXOR function 
(performed in the EXOR gate 64) between the sequence 
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signal 53 from the gate 63 and the auxiliary signal 52 
from the gate 60. The reference signal 55 is produced by 
f an EXOR function (performed in the EXOR gate 65) between 

output signals from the memory elements 26 and 27, U26 
5 and U27, said output signals representing two successive 
data bits. Thus, the reference signal will be high when 
successive data bits differ, corresponding to two data 
bits belonging to the same data bit sequence. In case of 
shifts in data bit sequence two successive data bits 

10 will be xiniform, which gives a low level on the refe- 
rence signal 55 for half a clock period at the frequency 
F/2. The reference signal 55 is normalized by means of a 
voltage divider 4 so that the amplitude fits with the 
phase adjustment signal 54 before these signals, via the 

15 differential amplifier 5, are used for controlling a 

two-phased voltage controlled oscillator. If the ampli- 
tude of the output voltage for the logic gates is uni- 
form, the signal 87 is to be divided by two in the vol- 
tage divider 4. 

20 

Fig. 5 shows a timing diagram which illustrates an em- 
bodiment of the invention for implementation in a 
circuit where it is desired to phase adjust a clock 
signal whose frequency is one fourth of the frequency of 

25 the data signal. Like before, the auxiliary signal is 
generated by an EXOR function between a phase of the 
clock signal with a frequency F/4 and the incoming data 
signal with a frequency F. The data bit sequences are 
detected according to the same criteria as before, i.e. 

30 in response to the logic level on the data bit repre- 
sented on the input when a shift takes place in the 
clock signal. Since the clock frequency is F/4, it is 
only every other data bit 87, called detection bit 
hereinafter, which contributes with phase information. 
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and which decides which data bit sequences are detected. 
The sequence 83 Is combined with the auxiliary signal 
82, like before, in that the auxiliary signal is 
inverted in response to the actual data bit sequence. 
5 This provides a phase adjustment signal 84 which, in 
addition to unambiguous phase information 90, also 
contains irrelevant information 91 originating from the 
data bits which are not used for detecting the data bit 
sequence. In the period of irrelevant information 91 the 

10 phase adjustment signal assumes a logic high value when 
the data bit following a detection bit 87 has a logic 
level different from the logic level of the detection 
bit in question. Correspondingly, the phase adjustment 
signal assumes a logic low value when the data bit 

15 following a detection bit 87 has a logic level 

corresponding to the logic level of the detection bit in 
question. The duration of the irrelevant information is 
equal to the duration of a data bit. 

20 Similar to the description of fig. 3, a reference signal 
is generated whose average value is proportional to the 
average value of the phase adjustment signal in case of 
ideal phase. This reference signal consists of the sum 
of two contributions. The first contribution 85 is 

25 proportional to (1-H) where H is the frequency of shifts 
between data bit sequences . The average value of the 
second contribution 86 is proportional to the average 
value of the irrelevant information 91, which is also 
contained in the phase adjustment signal 84. This 

30 entails that the average value of the reference signal 
is proportional to the average value of the phase 
adjustment signal in case of ideal phase difference, 
indendent upon data bit sequence and value of non- 
detection bits. 
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Fig. 6 shows a preferred embodiment of a circuit for 
phase adjusting a clock signal whose frequency is one 
fourth of the frequency of a data signal. The generation 
5 of the auxiliary signal 82, the sequence signal 83 and 
the phase adjustment signal 84 is effected with a cir- 
cuit corresponding to the one shown in fig, 4, and these 
signals therefore correspond to the signals 52, 53 and 
54 in fig. 4. The input signals for this part of the 

10 circuit are the incoming data signal DATA, two phases of 
the four-phased clock signal, viz. CLK and the NCLK 
shifted 180% the output signal DBP from the memory ele- 
ment where the positive clock signal CLK clocks a detec- 
tion bit, and finally the output signal DBN from the 

15 memory element where the negative clock signal NCLK 
clocks a detection bit. 

The reference signal 87 is generated by using the sig- 
nals DBP and DBN as well as four parallel output signals 

20 DBPU, DBPU+1, DBNU and DBNU+1 from the demultiplexer, 
said output signals being accessible at the same time 
and accessible for a whole clock period. DBP and DBN are 
also separately accessible for a whole clock period, but 
are mutually time shifted half a clock period. The EXOR 

25 function in gate 100 between these two signals results 

in a signal 85' which is proportional to the ideal phase 
information 85, since the signal 85' is high when two 
successive detection bits DBP and DBN are different. The 
EXOR fxinction in the gate 101 between DBPU and DBPU+1 

30 results in a signal 86P' which is proportional to the 

irrelevant information occurring when the data bit imme- 
diately after a detection bit clocked by the positive 
clock signal CLK has another logic level than the asso- 
ciated detection bit. Likewise, the EXOR function in the 
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ga-te 102 be-tween DBMU and DBNU+1 resulirs in a signal 
86N* which is proportional to the irrelevant information 
occxirring when the data bit immediately after a detec- 
tion bit clocked by the negative clock signal NCLK has 
5 another logic level than the associated detection bit. 
Thus, a s\m function in the sum network 105 provides a 
reference signal 87 which is proportional to the phase 
adjustment signal 84 in case of ideal phase. The signal 
87 is normalized in the following voltage divider 4 so 

10 that the amplitude fits with the phase adjustment signal 
84 before these signals, via the differential amplifier 
5, is used for controlling a four-phased voltage con- 
trolled oscillator. If the amplitude of output voltage 
for the logic gates is uniform, the signal 87 is to be 

15 divided by four in the voltage divider 4. 

Fig. 7 shows a general embodiment of the invention for 
use in a parallel demultiplexer, where the frequency of 
the incoming data signal is a multiple of twice the f re- 
20 quency of the clock signal, i.e. 

clock frequency « data frequency/N, 
where N=2,4^ 6,8... 

25 The phase adjustment signal 144 is produced with a cir- 
cuit corresponding to the one used for producing the 
phase adjustment signal 84 in fig. 5, and the input sig- 
nals are defined in the same manner. 

30 Like in gate 100 in fig. 6, a signal is produced by the 
EXOR fxinction in the gate 110 by means of two successive 
detection bits, DBF and DBN^ said signal being propor- 
tional to the phase information in the phase adjustment 
signal in case of ideal phase. The other EXOR gates 120, 
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121.. .122, 130, 131... and 132 generate signals which, 
by summation in the sum network 140, result in a signal 
which is proportional to the irrelevant information. The 
individual signals are generated by means of the output 
5 signals of the demultiplexer, it being assumed that N- 
signals are accessible at the same time in a clock 
period. The first output signal DBPU: detection bit 
clocked by the positive clock signal is thus followed by 
(N/2-1) non-detection bit, DBPU+1, DBPU+2... and 

10 DDBPU+(N/2-l), where DBPU is compared with the respec- 
tive non-detection bits in the EXOR gates 120, 121... 
and 122, thereby generating for each non-detection bit 
whose logic level differs from the logic level of the 
associated detection bit DBPU a signal which corresponds 

15 to the possible irrelevant information which the non- 
detection bit in question ha:S caused. Correspondingly, 
signals are generated in the EXOR gates 130, 131. .. and 
132 in proportion to the irrelevant infonnation gene- 
rated by the non-detection bits DBNU+1, DBhru+2 and 

20 DBNU+(N/2-l), and these output signals are compared with 
the associated detection bit DBNU. The summed reference 
signal 141 from the sum network 140 is thus proportional 
to the phase adjustment signal 144 in case of ideal 
phase difference, and the reference signal 141 is nor- 

25 malized in the voltage divider 4 with respect to the 
phase adjustment signal 144. If the amplitude of the 
output voltages for the logic gates is uniform, the 
reference signal 141 is to be divided by N in the vol- 
tage divider 4. The normalized reference signal from the 

30 voltage divider is combined with the phase adjustment 
signal in the differential amplifier 5 and is used for 
controlling an N-phased voltage controlled oscillator 
145. 
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Patent Claims: 



f 

!• A method of adjusting the phase of a clock generator 
5 with respect to a data signal hy means of a phase locked 
loop, characterized by 

generating an auxiliairy signal by comparing data signal 
and clock signalv said auxiliary signal exhibiting a 

10 disuniform representation corresponding to various data 
bit sequences, a first data bit sequence being 
characterized in that data bits are low at an outwardly 
extending clock flank and high at a downwardly extending 
clock flank, while another data bit sequence is 

15 characterized in that data bits are high at an upwardly 
extending clock flank and low at a downwardly extending 
clock flank, 

and detecting said various data bit sequences and com- 
20 bining them with the auxiliary signal to generate a 

phase adjustment signal with a uniform representation 
corresponding to the various data bit sequences and 
having an average value depending upon the phase diffe- 
rence between clock signal and data signal. 

25 

2. A method according to claim 1, character- 
ized by combining the phase adjustment signal with a 
reference signal which represents the average value of 
the phase adjustment signal corresponding to ideal phase 

30 state. 

3. A method according to claim 1 or 2, charac- 
terized by generating the axixiliary signal by an 
exclusive-or-operation between the data signal and the 
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clock signal. 

4. A method according to claims 1-3, charac- 
terized by generating the adjustment signal by 

5 inverting the auxiliary signal when the first data bit 
sequence is present, while it is not inverted when the 
second data bit sequence is present. 

5. A method according to claims 2-4, where the clock 
10 frequency is half the data bit frequency, charac- 
terized by generating the reference signal so 
that the signal assumes one logic level in a predeter- 
mined period which is smaller than or equal to the du- 
ration of one data bit when two successive data bits 

15 have a uniform logic level, and assumes another logic 
level for the rest of the time. 

6. A method according to claims 2-4, where the fre- 
quency of the data signal is a multiple of two (N) times 

20 the frequency of the clock signal, where data bits 

arriving while the clock signal changes logic level are 
called detection bit below, and where N/2-1 data bits 
arriving between two successive detection bits are here- 
inafter called a packet of non-detection bits associated 

25 with the immediately preceding detection bit, cha- 
racterized by generating the reference signal 
by combining the following signals: 

a first signal which asstimes a first logic level in 
30 a predetermined period which is smaller than or 

equal to the duration of half a clock period when 
the two last-incoming detection bits have a diffe- 
rent logic level, and which assumes a second logic 
level for the rest of the time, and 
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a second signal which ^ for a predetermined period 
smaller than or equal to a whole clock period, 
assumes a value proportional to a plurality of non- 
5 detection bits in the predetermined period, said 

non-detection bits having a logic level different 
from the logic level of the detection bit asso- 
ciated with the packet* 

ta^ 7. A method according to claims 2-5, where the clock 
frequency is half the data bit frequency, and where the 
frequency of the clock generator is controlled by means 
of the adjustment signal in a phase- locked loop^ cha- 
racterized by using the reference signal for 

15 adjusting the loop gain in the phase-locked loop. 



20 



25 



30 



35 



wo 89/12936 



PCT/DK89/00157 



1/6 



o 

C3f. 



< 



CM 



01 



< 



vO 
CM 

A. 









< 


o 



CM 
CM 



<- 



<- 



CM 
CM 



J 



in 



a 



CD 
< 



in 



a 
u 



CM 

V 




wo 89/12936 



PCr/DK89/00157 



2/6 



SEKVENS 1 



K33 



SEKVENS 2 



DATA- 



CLOCK 



HJ£LPE- 
SIGNAL 



j~L_rn_r~L_rrL_i 



1—30 




SEKVENS 1 1^33 SEKVENS 2 

OATA _r~i__r~L_ r~i I r 



aoi 



HJfl-PE- 
SIGNAL 



J \ \ L^A/ 




DATA 



■i_rT 



■5b 



aocK 



HJA-PE-J-LTLTU LTLTLTLJ Lnr\^s2 

SIOJAL 



SEKVENS 



1 



53 



FASEREGULE- 

RINGSSIGNAL l_J~l__r~L_n. 

REFERENCE- 

SIGNAL 



ruin 



— ^55 



I a. 3 



Fig 



wo 89/12936 PCr/DK89/00157 



3/6 




wo 89/12936 



PCr/DK89/00157 



4/6 



DATA F 



CLOCK F/ 



SIGNAL 
SEKVENS 



FASEREGULE- 
RINGSSIGNALL 



IRRELEVANT 
I^ff'ORMATION' 



.87 J 87 .87 

— «8f 



J — m n_nj — i us^^^ 

I 1 ^53 



g^) (50 9i) (9 0 (9o 



FASEIN- 

f^oRMATioN " in n n n c^qs 



wo 89/12936 



PCT/DK89/00157 



5/6 





wo 89/12936 



PCr/DK89/00157 




INTERNATIONAL SEARCH REPORT 

Intvnwtlonal AooUeitton No PCT/DK 89/00157 



1. CLASStPICATION OF SUBJICT MATTtR Ot Mv«nl clatsinesUon aymbolft aoply. Indlcat* lU) • 


According to lntonution«i Patent Clasfttlicailon (IPC) or to both NcUenat CUssiflcatioii and IPC 

IPC4: H 04 L 7/02 


n. FIBLDS aSARCHBD 


Minimum Oocumontaiien S«archod ' 


ClasitflcaUon Syatam 


CUaaiflcatlon Symbola 


IPC4 


H 03 L, H 04 L 


Oocumontatlon S«areii«d etHaf than Minimum OocumantatJen 
to tha Extant that audi Documanta aro Indudad In tha Flalda Soarchad ■ 


SE, NO, DK, FI classes as above 


III. OOCUMINTS eONSIOIREO TO RILIVANT* 


CattQory * 


1 Otatlon of Ooeumanl. " with Indication, whara approprtata, of tha ralavant paaaagaa « 


Ralavant to Oalm No. 


A 


Patent Abstracts of Japan, Vol 6, No 230, E142, 
abstract of JP 57-131144, publ 1982-08-13 
NIPPON DENSHIN DENWA KOSHA 


1.2 


A 


EP, Al, 0266588 (SIEMENS AKTIENGESELLSCHAFT BERLIN 
UNO MUNCHEN) 11 May 1988, 
see abstract 


1,3 


A 


EP, Al, 0270236 (AMP INCORPORATED) * 
8 June 1988, see abstract 


1.3 


A 


EP, Al, 0009939 (SPERRY RAND CORPORATION) 
16 April 1980, see abstract 


1-3 


* SpocJal eataporlaa of cftod decumonta: *• 

"A* documont dafmlng tha 9»nmni atata ot tha art wMch la not 

conaidarad to bo oi partleulor rolavanca 

aarltar documant but pubtlahad on or attar tha intamational 

fllino data 

n." documant which may throw doubta on priority dalm(o| or 
wmch la citad to tatabUah tha publication data ot anothar 
citation or olhar tpaaal raaaon («a apodftod) 

"0^ documant ratarrtno to M oral diteloiura. uao» oihlbltlon or 
othar maana 

**P** documant oubllahad prior to tha Intamatienal ttllng data tout 
Uttr than tha priortty data claim ad 


T** tatar documant oubllahad attar tha imornattonal nilnp data 
or priortty data and net In conflict with tha aoplieallen but 
citad to undaratand tha prtnclpto or thaory undarlying tha 
Invantlon 

*X* documont of particular rolovanca; tho datmad invantlon 
cannot bo conaidarad noval or cannot bo conaidarad to 
tnvolwo an Invanthro atap 

*Y* documont of particular rolavanca;' tho dalmad invantlon 
cannot ba conaidarad to Invohro an invantiva ttap whan tho 
documant la combinad with ono or mora othar auch doeu* 
monta, auch combination boing obvtoua to a paraoo aklllad 
In tho art. 

"A* documant mambor of tho aaina patant family. 


tV. CIRTIFICATIOM 


Data ot ttta Actual Complatlon ot tha Intamational Saareh 

1989-09-08 


Data of Mailing ot thla Intamational Saarch Raoort 

1989 -OS- 1 3 


Intarnattonal Saarchlno Authority 


Slonaluro ot Authorttod Offlear 




Swedish Patent Office 


• f '^ _ 

--.is^^/'t' /:^>7i^f~c^^ 

Benoc Jonsson 





form PCTnSA/210 r«acoAd ihaaO (January 19«5) 



Intomctfoul Appllcatlan No. pQJ/Q|^ 89/00157 



nr. DOCUMINTS CONSIDIKID TO Bl RIUVAMT (CONTINUIO PROM THf SICOND SHIBT) 


Cataoory* { 


Ciutlan of Ooamnt. wfth indication, wtwrv apprephctt. of tho reltvam ptssagos { 


Ralmnt to Claim No 




EP, Al, 0168943 (BRITISH TELECO^WUNI CATIONS) 
22 January 1986, see abstract 


1 


A 

1 

t 


US, A, 3803492 (J. SIGLOW ET AL) 
9 April 1974, see claim 1 

■ 


1 



Form PCrnSAmo (astn shMtl UamMrylMSl 



